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DC-DC CONVERTER AND DISPLAY
APPARATUS HAVING THE SAMEL

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 15/411,838, filed Jan. 20, 2017, which claims

priority to and the benefit of Korean Patent Application No.
10-2016-0023743, filed Feb. 26, 2016, the entire content of

both of which i1s imcorporated herein by reference.

BACKGROUND

1. Field

One or more aspects of exemplary embodiments of the
present mventive concept relate to a DC-DC converter and
a display apparatus having the DC-DC converter.

2. Description of the Related Art

A display apparatus includes a DC-DC converter to
convert a battery voltage to a DC voltage for a display panel.
As a capacity of the battery increases, the battery voltage 1s
gradually increasing.

In addition, as the capacity of the battery increases, a
range of the battery voltage may increase, and an adapter
voltage may also increase according to demand of high
speed charging.

Due to the increase of the battery voltage and the adapter
voltage, the stability of the DC-DC converter may decrease.
For example, when the mput voltage of the DC-DC con-
verter becomes greater than the output voltage of the DC-
DC converter due to the increase of the battery voltage and
the adapter voltage, the DC-DC converter may not be able
to stably generate the output voltage.

The above miformation disclosed i1n this Background
section 1s for enhancement of understanding of the back-
ground of the iventive concept, and therefore, it may
contain information that does not constitute prior art.

SUMMARY

One or more aspects of exemplary embodiments of the
present nventive concept are directed toward a DC-DC
converter for changing a converting mode according to an
input voltage to stably generate an output voltage. For
example, one or more aspects of exemplary embodiments of
the present inventive concept are directed toward to a
DC-DC converter for stably generating an output voltage 1n
spite ol a change of an mmput voltage.

One or more aspects of exemplary embodiments of the
present inventive concept are directed toward a display
apparatus having the DC-DC converter.

According to an exemplary embodiment of the inventive
concept, a DC-DC converter includes: a first switch; a
second switch connected to the first switch; a mode selecting
circuit configured to select a converting mode from one of
at least a first mode and a second mode based on an 1nput
voltage; and a controller configured to generate a first
switching control signal for controlling the first switch based
on the converting mode, and a second switching control
signal for controlling the second switch based on the con-
verting mode.

In an exemplary embodiment, 1n the first mode, the first
switch may be configured to be repeatedly turned on and off
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2

in response to the first switching control signal, and the
second switch may be configured to be repeatedly turned on
and ofl in response to the second switching control signal.

In an exemplary embodiment, in the second mode, the
first switch may be configured to be repeatedly turned on and
ofl 1n response to the first switching control signal, and the
second switch may be configured to maintain a turned off
state 1n response to the second switching control signal.

In an exemplary embodiment, the mode selecting circuit
may be configured to change the converting mode from the
first mode to the second mode when the mput voltage
increases from below a first reference voltage to be equal to
or greater than the first reference voltage.

In an exemplary embodiment, the mode selecting circuit
may be configured to change the converting mode from the
second mode to the first mode when the mnput voltage
decreases from above a second reference voltage to be less
than the second reference voltage, and the second reference
voltage may have a level diflerent from that of the first
reference voltage.

In an exemplary embodiment, the mode selecting circuit
may be configured to select the converting mode from one
of at least the first mode, the second mode, and a third mode.

In an exemplary embodiment, in the third mode, the first
switch may be configured to be repeatedly turned on and off
in response to the first switching control signal, and the
second switch may be configured to maintain a turned on
state 1n response to the second switching control signal.

In an exemplary embodiment, in the third mode, the
second switching control signal may be the input voltage.

In an exemplary embodiment, the mode selecting circuit
may be configured to change the converting mode from the
first mode to the second mode when the mput voltage
increases from below a first reference voltage to be equal to
or greater than the first reference voltage.

In an exemplary embodiment, the mode selecting circuit
may be configured to change the converting mode from the
second mode to the first mode when the iput voltage
decreases from above a second reference voltage to be less
than the second reference voltage, and the second reference
voltage may have a level diflerent from that of the first
reference voltage.

In an exemplary embodiment, the mode selecting circuit
may be configured to change the converting mode from the
second mode to the third mode when the input voltage
increases from below a third reference voltage to be equal to
or greater than the third reference voltage, and the third
reference voltage may have a level that 1s greater than that
of the first reference voltage.

In an exemplary embodiment, the mode selecting circuit
may be configured to change the converting mode from the
third mode to the second mode when the input voltage
decreases from above a fourth reference voltage to be less
than the fourth reference voltage, and the fourth reference
voltage may have a level that 1s greater than that of the
second reference voltage, and may be different from that of
the third reference voltage.

In an exemplary embodiment, the DC-DC converter may
be configured to output an output voltage 1n a current mode
of a continuous conduction mode when the converting mode
1s the first mode, and the DC-DC converter may be config-
ured to output the output voltage in the current mode of one
of a pulse skip mode, a discontinuous conduction mode, and
the continuous conduction mode, when the converting mode
1s the second mode.

In an exemplary embodiment, the DC-DC converter may
turther include an adaptive loader circuit, and the adaptive
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loader circuit may be configured to sequentially change the
current mode from the pulse skip mode to the discontinuous
conduction mode and from the discontinuous conduction
mode to the continuous conduction mode when the convert-
ing mode 1s changed from the second mode to the first mode
and the current mode 1s the pulse skip mode.

In an exemplary embodiment, the adaptive loader circuit
may include a third switch, a load resistor connected to the
third switch, and a mode detector configured to control
switching of the third switch, the third switch being config-
ured to be turned on so that the current mode may be
sequentially changed from the pulse skip mode to the
discontinuous conduction mode when the converting mode
1s changed from the second mode to the first mode and the
current mode 1s the pulse skip mode, and the third switch
may be configured to be turned oil when the converting
mode 1s the first mode.

According to an exemplary embodiment of the inventive
concept, a display apparatus includes: a display panel
including a plurality of scan lines, a plurality of data lines,
and a plurality of subpixels, the subpixels being connected
to the scan lines and the data lines; a scan driver configured
to output scan signals to the scan lines; a data driver
configured to output data voltages to the data lines; and a
DC-DC converter including: a first switch; a second switch
connected to the first switch; a mode selecting circuit
configured to select a converting mode from one of at least
a first mode and a second mode based on an input voltage;
and a controller configured to generate a first switching
control signal for controlling the first switch based on the
converting mode, and a second switching control signal for
controlling the second switch based on the converting mode.

In an exemplary embodiment, 1n the first mode, the first
switch may be configured to be repeatedly turned on and off
in response to the first switching control signal, and the
second switch may be configured to be repeatedly turned on
and ofl in response to the second switching control signal.

In an exemplary embodiment, 1n the second mode, the
first switch may be configured to be repeatedly turned on and
ofl 1n response to the first switching control signal, and the
second switch may be configured to maintain a turned off
state 1n response to the second switching control signal.

In an exemplary embodiment, the mode selecting circuit
may be configured to change the converting mode from the
first mode to the second mode when the mput voltage
increases from below a first reference voltage to be equal to
or greater than the first reference voltage.

In an exemplary embodiment, the mode selecting circuit
may be configured to change the converting mode from the
second mode to the first mode when the input voltage
decreases from above a second reference voltage to be less
than the second reference voltage, and the second reference
voltage may have a level that 1s different from that of the first
reference voltage.

According to one or more exemplary embodiments of the
inventive concept, the DC-DC converter may operate 1n a
synchronous mode, an asynchronous diode mode, and an
asynchronous VGS mode, according to a level of the input
voltage, so that the DC-DC converter may stably generate
the output voltage even though the mput voltage 1s greater
than the output voltage.

In addition, according to one or more exemplary embodi-
ments of the mventive concept, an entering threshold volt-
age and an exiting threshold voltage of the converting modes
may be set diflerently from each other, so that the converting,
mode may not repetitively change at or near the threshold
voltage.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects and features of the present
inventive concept will become more apparent from the
detailed description of the exemplary embodiments thereof
with reference to the accompanying drawings, in which:

FIG. 1 1s a block diagram illustrating a display apparatus
according to an exemplary embodiment of the present
inventive concept;

FIG. 2 1s a circuit diagram 1llustrating a pixel structure of
a display panel of FIG. 1;

FIG. 3 1s a block diagram 1illustrating a power generating,

unit of FIG. 1;
FIG. 4 1s a block diagram 1llustrating a DC-DC converter

of FIG. 3;

FIG. 5A 1s a circuit diagram 1llustrating a first converting,
part of FIG. 4 when the first converting part operates in a
first mode;

FIG. 5B 15 a timing diagram 1llustrating an output voltage
of the first converting part of FIG. 4 when the first convert-
ing part operates in the first mode;

FIG. 6A 1s a circuit diagram illustrating the first convert-
ing part ol FIG. 4 when the first converting part operates 1n
a second mode;

FIG. 6B 15 a timing diagram 1llustrating an output voltage
of the first converting part of FIG. 4 when the first convert-
ing part operates in the second mode;

FIG. 7A 1s a circuit diagram illustrating the first convert-
ing part ol FIG. 4 when the first converting part operates 1n
a third mode;

FIG. 7B 1s a timing diagram 1llustrating an output voltage
of the first converting part of FIG. 4 when the {irst convert-
ing part operates in the third mode;

FIG. 8 1s a circuit diagram 1illustrating a {irst converting,
part of a DC-DC converter according to an exemplary
embodiment of the present inventive concept;

FIG. 9A 15 a timing diagram 1llustrating an mput voltage,
an 1mverter current, and an output voltage in a pulse skip
mode from among current modes of the first converting part
of FIG. 8;

FIG. 9B 15 a timing diagram 1llustrating the input voltage,
the inverter current, and the output voltage 1n a discontinu-
ous conduction mode from among the current modes of the
first converting part of FIG. 8;

FIG. 9C 1s a ttiming diagram 1illustrating the input voltage,
the inverter current, and the output voltage in a continuous
conduction mode from among the current modes of the first
converting part of FIG. 8;

FIG. 10A 1s a timing diagram illustrating the 1mput volt-
age, the inverter current, and the output voltage when the
mode of the first converting part of FIG. 8 changes from the
second mode from among the converting modes and the
pulse skip mode from among the current modes to the first
mode from among the converting modes and the continuous
conduction mode from among the current modes;

FIG. 10B 1s a timing diagram illustrating the input volt-
age, the inverter current, and the output voltage when the
mode of the first converting part of FIG. 8 changes from the
second mode from among the converting modes and the
discontinuous conduction mode from among the current
modes to the first mode from among the converting modes
and the continuous conduction mode from among the cur-
rent modes:

FIG. 11 1s a flowchart illustrating a method of DC-DC
converting according to an exemplary embodiment of the
present inventive concept;
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FIG. 12A 1s a timing diagram 1llustrating the method of
DC-DC converting of FIG. 11 when the output voltage 1s

about 4.6V; and

FIG. 12B 1s a timing diagram 1llustrating the method of
DC-DC converting of FIG. 11 when the output voltage is
about 5.0V,

DETAILED DESCRIPTION

Hereinafter, example embodiments will be described in
more detail with reference to the accompanying drawings.
The present imnventive concept, however, may be embodied
in various different forms, and should not be construed as
being limited to only the illustrated embodiments herein.
Rather, these embodiments are provided as examples so that
this disclosure will be thorough and complete, and will fully
convey the aspects and features of the imnventive concept to
those skilled 1n the art. Accordingly, processes, elements,
and techniques that are not necessary to those having
ordinary skill in the art for a complete understanding of the
aspects and features of the mventive concept may not be
described. Unless otherwise noted, like reference numerals
denote like elements throughout the attached drawings and
the written description, and thus, descriptions thereof may
not be repeated.

In the drawings, the relative sizes of elements, layers, and
regions may be exaggerated and/or simplified for clarity.
Spatially relative terms, such as “beneath,” “below,”
“lower,” “under,” “above,” “upper,” and the like, may be
used herein for ease of explanation to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or 1n operation, 1n addition
to the orientation depicted in the figures. For example, if the
device in the figures 1s turned over, elements described as
“below” or “beneath” or “under” other elements or features
would then be orniented “above” the other elements or
teatures. Thus, the example terms “below” and “under” can
encompass both an orientation of above and below. The
device may be otherwise oriented (e.g., rotated 90 degrees or
at other orientations) and the spatially relative descriptors
used herein should be interpreted accordingly.

It will be understood that, although the terms “first,”
“second,” “third,” etc., may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
are used to distinguish one element, component, region,
layer or section from another element, component, region,
layer or section. Thus, a first element, component, region,
layer or section described below could be termed a second
clement, component, region, layer or section, without
departing from the spirit and scope of the inventive concept.

It will be understood that when an element or layer 1s
referred to as being “on,” “connected to,” or “coupled to”
another element or layer, 1t can be directly on, connected to,
or coupled to the other element or layer, or one or more
intervening elements or layers may be present. In addition,
it will also be understood that when an element or layer 1s
referred to as being “between” two elements or layers, 1t can
be the only element or layer between the two elements or
layers, or one or more intervening elements or layers may
also be present.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments and 1s not intended to be limat-
ing of the mventive concept. As used herein, the singular
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6

forms “a” and “an” are itended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises,” “compris-
ing,” “includes,” and “including,” when used 1n this speci-
fication, specily the presence of the stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed 1tems. Expressions such as “at least one of,”
when preceding a list of elements, modily the entire list of
clements and do not modily the individual elements of the
l1st.

As used herein, the term “substantially,” “about,” and
similar terms are used as terms of approximation and not as
terms of degree, and are intended to account for the inherent
variations 1n measured or calculated values that would be
recognized by those of ordinary skill in the art. Further, the
use of “may”” when describing embodiments of the inventive
concept refers to “one or more embodiments of the inventive
concept.” As used herein, the terms “use,” “using,” and
“used” may be considered synonymous with the terms
“utilize,” “utilizing,” and “utilized,” respectively. Also, the
term “exemplary” 1s intended to refer to an example or
illustration.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which the present inventive concept belongs. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having
a meaning that 1s consistent with theirr meaning 1n the
context of the relevant art and/or the present specification,
and should not be interpreted in an idealized or overly
formal sense, unless expressly so defined herein.

FIG. 1 1s a block diagram illustrating a display apparatus
according to an exemplary embodiment of the present
inventive concept.

Referring to FIG. 1, the display apparatus includes a
display panel 100, a timing controller 200, a scan driver 300,
a data driver 400, and a power generating unit (e.g., a power
generator) 300.

In an exemplary embodiment, the timing controller 200,
the scan driver 300, the data dniver 400, and the power
generating unit 500 may be mncluded 1n an 1ntegrated circuit
chip.

In an exemplary embodiment, the scan driver 300 may be
mounted on the display panel 100 or integrated on the
display panel 100. The data driver 400 may be mounted on
the display panel 100 or integrated on the display panel 100.

The display panel 100 displays an image. The display
panel 100 includes a plurality of scan lines SL1 to SLN, a
plurality of data lines DL1 to DLM, and a plurality of
subpixels P connected to the scan lines SLL1 to SLN and the
data lines DL1 to DLM. For example, the subpixels P may
be disposed in a matrix form.

In an exemplary embodiment, the number of the scan
lines may be equal to N. The number of the data lines may
be equal to M. Herein N and M are natural numbers. In an

exemplary embodiment, the number of subpixels P may be
equal to NxM. In an exemplary embodiment, three subpixels
P may form a pixel, so that the number of the pixels may be

equal to NxM/3.

27 L
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The display panel 100 1s connected to the scan driver 300
through the scan lines SLL1 to SLN. The display panel 100 1s

connected to the data driver 400 through the data lines DL1
to DLM.

In addition, the display panel 100 receives a first power
voltage ELVDD and a second power voltage ELVSS from
the power generating unit 500. The first power voltage
ELVDD may be applied to first electrodes of organic light
emitting elements of the subpixels P. The second power
voltage ELVSS may be applied to second electrodes of the
organic light emitting elements of the subpixels P. A struc-
ture of the subpixel P of the display panel 100 1s described
in more detail with reference to FIG. 2.

The timing controller 200 generates a first control signal
CONT1 for controlling a driving timing of the scan driver
300, and outputs the first control signal CONT1 to the scan
driver 300. The timing controller 200 generates a second
control signal CONT2 for controlling a driving timing of the
data driver 400, and outputs the second control signal
CONT2 to the data driver 400.

The scan driver 300 generates scan signals to drive the
scan lines SLL1 to SLN 1n response to the first control signal
CONT1 received from the timing controller 200. The scan
driver 300 may sequentially output the scan signals to the
scan lines SLL1 to SLN.

The data dniver 400 generates data signals to drive the
data lines DL1 to DLM 1n response to the second control
signal CONT2 received from the timing controller 200. The
data driver 400 outputs the data signals to the data lines DL1
to DLM.

The power generating umt 500 generates the first power
voltage ELVDD and the second power voltage ELVSS. The
power generating unit 300 provides each of the first power
voltage ELVDD and the second power voltage ELVSS to the
display panel 100.

The first power voltage ELVDD 1s applied to the first
clectrodes of the orgamic light emitting elements of the
subpixels P. The second power voltage ELVSS 1s applied to
the second electrodes of the organic light emitting elements
of the subpixels P. For example, the first power voltage
ELVDD may be greater than the second power voltage
ELVSS.

The power generating unit 500 may include a DC-DC
converter to generate each of the first power voltage ELVDD
and the second power voltage ELVSS. A structure and an
operation ol the power generating unit 500 1s described 1n
more detail with reference to FIGS. 3 through 7B.

FI1G. 2 1s a circuit diagram illustrating a pixel structure of
the display panel 100 of FIG. 1.

Referring to FIGS. 1 and 2, the subpixel P includes a first
pixel switching element (e.g., a first pixel transistor) 11, a
second pixel switching element (e.g., a second pixel tran-
sistor) 12, a storage capacitor CS, and the organic light
emitting element OLED.

The first pixel switching element T1 may be a thin film
transistor. The first pixel switching element T1 includes a
control electrode connected to the scan line SLL1, an 1nput
clectrode connected to the data line DL1, and an output
clectrode connected to a control electrode of the second
pixel switching element T2.

The control electrode of the first pixel switching element
T1 may be a gate electrode. The mput electrode of the first
pixel switching element 11 may be a source electrode. The
output electrode of the first pixel switching element T1 may
be a drain electrode.

The second pixel switching element T2 includes the
control electrode connected to the output electrode of the
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first pixel switching element 11, an mput electrode to which
the first power voltage ELVDD 1s applied, and an output
clectrode connected to a first electrode of the organic light
emitting element OLED.

The second pixel switching element 12 may be a thin film
transistor. The control electrode of the second pixel switch-
ing element T2 may be a gate electrode. The mput electrode
of the second pixel switching element T2 may be a source
clectrode. The output electrode of the second pixel switching
clement 12 may be a drain electrode.

A first end (e.g., a first electrode) of the storage capacitor
CS 1s connected to the mput electrode of the second pixel
switching element 12. A second end (e.g., a second elec-
trode) of the storage capacitor CS 1s connected to the output
clectrode of the first pixel switching element T1.

The first electrode of the organic light emitting element
OLED 1s connected to the output electrode of the second
pixel switching element T2. The second power voltage
ELVSS 1s applied to the second electrode of the organic light
emitting element OLED.

The first electrode of the organic light emitting element
OLED may be an anode electrode. The second electrode of
the organic light emitting element OLED may be a cathode
clectrode.

The subpixel P receives the scan signal, the data signal,
the first power voltage ELVDD, and the second power
voltage ELVSS, and emits the organic light emitting element
OLED to have a luminance corresponding to the data signal
to display an 1image.

FIG. 3 1s a block diagram 1llustrating the power generat-
ing unit 500 of FIG. 1. FIG. 4 1s a block diagram illustrating
a DC-DC converter 540 of FIG. 3.

Referring to FIGS. 1 through 4, the power generating unit
500 may include a power controller 520 and a DC-DC
converter 340. The power controller 520 may include a

charging block 522.
The charging block 522 may be connected to an adaptor
(TA) 800 and a battery pack 700. When the adaptor 800 1s

connected to the charging block 522, a current of the adaptor
800 1s divided into currents ISYS and ICHG, and the

currents ISYS and ICHG tlow through the DC-DC converter
540 and the battery pack 700, respectively. The current ISY S
flowing through the DC-DC converter 540 drives the DC-
DC converter 540. The current ICHG flowing through the
battery pack 700 charges the battery pack 700.

The charging block 522 may include a first switching part
BUCK CON. connected to the adaptor 800 to output a
system voltage VSYS to the DC-DC converter 540.

The charging block 3522 may include a second switching
part SW connected to the battery pack 700 to output a battery
voltage VBAT to the DC-DC converter 540.

The DC-DC converter 540 1s connected to the charging
block 522 to receive an input voltage VIN. The mput voltage
VIN from when the display apparatus 1s driven by the
adaptor 800 may be diflerent from the mnput voltage VIN
from when the display apparatus 1s driven by the battery
pack 700. For example, the mput voltage VIN may be the
system voltage VSYS when the display apparatus 1s driven
by the adaptor 800, and the mput voltage VIN may be the
battery voltage VBAT when the display apparatus 1s driven
by the battery pack 700.

The DC-DC converter 340 may include a {irst converting,
part (e.g., a first converter) 542 and a second converting part
(e.g., a second converter)_544. The first converting part 542
may generate the first power voltage ELVDD based on the
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input voltage VIN. The second converting part 344 may
generate the second power voltage ELVSS based on the
input voltage VIN.

For example, the first converting part 542 may be a boost
converter, and the second converting part 544 may be an
inverting buck-boost converter.

For example, the system voltage VSYS may be greater
than the battery voltage VBAI. For example, the system
voltage VSYS may be greater than the output voltage
ELVDD of the first converting part 542. For example, the
battery voltage VBAT may be less than the output voltage
ELVDD of the first converting part 542. For example, the

system voltage VSY S may be about 4.8V, the battery voltage
VBAT may be about 4.4V, and the output voltage ELVDD
of the first converting part 542 may be about 4.6V.

The first converting part 542 may be the boost converter
for converting a low voltage to a high voltage. Thus, when
the input voltage VIN of the first converting part 342 1s
greater than the output voltage ELVDD of the first convert-
ing part 542, the first converting part 542 may not operate.

In the present exemplary embodiment, the first converting,
part 542 of the DC-DC converter operates in different modes
according to the mput voltage VIN, so that the first con-
verting part 5342 may generate (e.g., stably generate) the
output voltage ELVDD, even though the mput voltage VIN
1s greater than the output voltage ELVDD.

The power generating unit 300 may include an iductor
L1, a capacitor C1, and a resistor Rs. A first end of the
inductor L1 may be connected to an output terminal of the
charging block 520. A second end of the inductor L1 may be
connected to an mput terminal of the DC-DC converter 540.
A first end of the capacitor C1 may be connected to the input
terminal of the DC-DC converter 540. A second end of the
capacitor C1 may be connected to ground. A first end of the
resistor Rs may be connected to a battery input terminal of
the charging block 520. A second end of the resistor Rs may
be connected to the battery pack 700.

FIG. 5A 1s a circuit diagram 1llustrating the first convert-
ing part 5342 of FIG. 4 when the first converting part 542
operates 1 a first mode. FIG. 5B 1s a timing diagram
illustrating the output voltage of the first converting part 542
of FIG. 4 when the first converting part 542 operates 1n the
first mode. FIG. 6A 1s a circuit diagram illustrating the first
converting part 542 of FIG. 4 when the first converting part
542 operates 1n a second mode. FIG. 6B 1s a timing diagram
illustrating the output voltage of the first converting part 542
of FIG. 4 when the first converting part 342 operates in the
second mode. FIG. 7A 1s a circuit diagram 1illustrating the
first converting part 542 of FIG. 4 when the first converting
part 542 operates 1n a third mode. FIG. 7B 1s a timing
diagram 1llustrating the output voltage of the first converting
part 542 of FIG. 4 when the first converting part 542
operates 1n the third mode.

Referring to FIGS. 5A and 3B, the first converting part
542 includes a first switching element (e.g., a first switch or
a 1irst switching transistor) M1, a second switching element
(e.g., a second switch or a second switching transistor) M2,
a mode selecting circuit MSC, and a controller PC. The first
converting part 542 may further include the inductor L1, a
first diode D1, a second diode D2, a comparator CP, an
output capacitor C2, and a feedback circuit.

A first end of the inductor L1 1s connected to the input
terminal to which the input voltage VIN 1s applied. A second
end of the inductor L1 1s connected to a first node LX1.

A control electrode of the first switching element M1 1s
connected to the controller PC. A first electrode of the first
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switching element M1 1s connected to the first node LX1. A
second electrode of the first switching element M1 1s con-
nected to ground.

The first electrode of the first switching element M1 may
be connected to a cathode electrode of the first diode D1.
The second electrode of the first switching element M1 may
be connected to an anode electrode of the first diode D1. For
example, the first switching element M1 may be a transistor.
For example, the first switching element M1 may be an
N-type transistor. The first diode D1 may be a body diode of
the transistor M1.

A control electrode of the second switching element M2
1s connected to the controller PC. A first electrode of the
second switching element M2 1s connected to the first node
LX1. A second electrode of the second switching element
M2 1s connected to an output terminal for outputting the
output voltage ELVDD.

The first electrode of the second switching element M2
may be connected to an anode electrode of the second diode
D2. The second electrode of the second switching element
M2 may be connected to a cathode electrode of the second
diode D2. For example, the second switching element M2
may be a transistor. For example, the second switching
clement M2 may be a P-type transistor. The second diode D2
may be a body diode of the transistor M2.

The mode selecting circuit MSC includes a reference
voltage generating part (e.g., a reference voltage generator)
VG and a mode selector MS. The reference voltage gener-

ating part VG receives the input voltage VIN, and generates
a plurality of reference voltages VDEN, VDEX, VVEN, and
VVEX. The reference voltages VDEN, VDEX, VVEN, and
VVEX are used to determine a converting mode SELMODE
of the first converting part 542.

The reference voltage generating part VG may generate a
first reference voltage VDEN based on the mput voltage
VIN. The first reference voltage VDEN determines entering
the second mode from the first mode. The first reference
voltage VDEN may be generated using a first variable
resistor VR1.

The reference voltage generating part VG may generate a
second reference voltage VDEX based on the input voltage
VIN. The second reference voltage VDEX determines exit-
ing from the second mode to the first mode. The second
reference voltage VDEX may be generated using a second
variable resistor VR2.

The mput voltage VIN, the first reference voltage VDEN,
and the second reference voltage VDEX are mputted to the
mode selector MS. The mode selector MS compares the
input voltage VIN to each of the first reference voltage
VDEN and the second reference voltage VDEX to output the
converting mode SELMODE.

When the mput voltage VIN increases from a level below
the first reference voltage VDEN to a level that 1s equal to
or greater than that of the first reference voltage VDEN, the
mode selector MS changes the converting mode SELMODE
from the first mode to the second mode. The first reference
voltage VDEN may be referred to as an entering threshold
voltage of the second mode.

When the mput voltage VIN decreases from a level above
the second reference voltage VDEX to a level that 1s less
than that of the second reference voltage VDEX, the mode
selector MS changes the converting mode SELMODE from
the second mode to the first mode. The second reference
voltage VDEX may be referred to as an exiting threshold
voltage of the second mode.

For example, the second reference voltage VDEX may

have a level that 1s different from that ot the first reterence
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voltage VDEN. For example, the second reference voltage
VDEX may have a level less than that of the first reference
voltage VDEN. The second reference voltage VDEX 1s set
to be diflerent from the first reference voltage VDEN, so that
the converting mode SELMODE 1s prevented or substan-
tially prevented from repeatedly changing near the threshold
voltage.

The first mode may be a synchronous mode. In the first
mode, the first switching element M1 may be repeatedly
turned on and ofl in response to a first switching control
signal CONS1, and the second switching element M2 may
be repeatedly turned on and off in response to a second
switching control signal CONS2.

In the first mode, the status of the first switching element
M1 and the status of the second switching element M2 are
synchronized with each other, so that the first mode may be
referred to as the synchronous mode.

For example, 1 the first mode, when the first switching
clement M1 i1s turned on, the second switching element M2
1s turned ofl, and when the first switching element M1 1s
turned ofl, the second switching element M2 1s turned on.

Referring to FIG. 5B, the first converting part 542 oper-
ates only 1n the first mode (t1 to t6). For example, here the
input voltage VIN may be less than the first reference
voltage VDEN.

The first mode 1s the synchronous mode, and the output
voltage VOUT 1s the first power voltage ELVDD 1n the first
mode.

The second mode may be an asynchronous mode. In the
second mode, the first switching element M1 may be repeat-
edly turned on and ofl i1n response to the first switching
control signal CONS1, and the second switching element
M2 may be maintained in a turned ofl status in response to
the second switching control signal CONS2.

In the second mode, the status of the first switching
clement M1 and the status of the second switching element
M2 are not synchronized with each other, so that the second
mode may be referred to as the asynchronous mode. Refer-
ring to FIG. 6 A, 1n the second mode, the second switching,
clement M2 1s turned off, and current flows through the body
diode D2 of the second switching element M2, so that the
second mode may be referred to as the asynchronous diode
mode.

Referring to FIG. 6B, the first converting part 542 oper-
ates 1n the first mode (t1 to t6), and the mode of the first
converting part 542 changes to the second mode (17 to t10).
For example, during t1 to t6, the input voltage VIN may be
less than the first reference voltage VDEN. At t7, the mput
voltage VIN may increase to be equal to or greater than the
first reference voltage VDEN.

The second mode 1s the asynchronous diode mode, and
the output voltage VOUT 1s the first power voltage ELVDD
in the second mode. The voltage at the first node LX1 1s
determined as a sum of the first power voltage ELVDD and
a forward drop voltage VI of the second diode D2. For
example, the forward drop voltage V1 of the second diode
D2 may be about 0.5V.

When the mput voltage VIN increases, and thus, a mini-
mum on duty for the first converting part 342 to operate in
the first mode 1s not retained, a voltage diflerence between
ends (e.g., both ends) of the inductor L1 1s small (e.g., very
small), so that the first switching element M1 and the second
switching element M2 may not operate normally.

When the mput voltage VIN 1ncreases to be equal to or
greater than the first reference voltage VDEN, the convert-
ing mode of the first converting part 542 1s changed to the
second mode. When the converting mode of the first con-
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verting part 542 1s changed to the second mode, before the
input voltage VIN changes to the minmimum on duty (e.g.,
predetermined minimum on duty), the second switching
clement M2 1s turned off. When the second switching
clement M2 1s turned off, the first converting part 542 1is

driven by freewheeling of the body diode D2 of the second

switching element M2.

In the second mode, due to the forward drop VI of the
second diode D2, the minimum on duty increases. The
voltage at the first node LX1 increases by the forward drop
voltage VI of the second diode D2, so that the voltage
difference between ends of the inductor L1 increases. Thus,
switching regulation may be possible due to the increased
voltage difference between ends of the inductor L1.

The reference voltage generating part VG may further
generate a third reference voltage VVEN based on the mput
voltage VIN. The third reference voltage VVEN determines
entering a third mode from the second mode. The third
reference voltage VVEN may be generated using a third
variable resistor VR3.

The reference voltage generating part VG may further
generate a fourth reference voltage VVEX based on the
input voltage VIN. The fourth reference voltage VVEX
determines exiting from the third mode to the second mode.
The fourth reference voltage VVEX may be generated using
a fourth variable resistor VR4.

The input voltage VIN, the first reference voltage VDEN,
the second reference voltage VDEX, the third reference
voltage VVEN, and the fourth reference voltage VVEX are
iputted to the mode selector MS. The mode selector MS
compares the input voltage VIN to each of the first reference
voltage VDEN, the second reference voltage VDEX, the
third reference voltage VVEN, and the fourth reference
voltage VVEX, to output the converting mode SELMODE.

When the mput voltage VIN increases from a level below
the third reference voltage VVEN to a level that 1s equal to
or greater than that of the third reference voltage VVEN, the
mode selector MS changes the converting mode SELMODE
from the second mode to the third mode. The third reference
voltage VVEN may be referred to as an entering threshold
voltage of the third mode.

For example, the third reference voltage VVEN may have
a level that 1s greater than that of the first reference voltage
VDEN.

When the mput voltage VIN decreases from a level above
the fourth reference voltage VVEX to a level that 1s less than
that of the fourth reference voltage VVEX, the mode selec-
tor MS changes the converting mode SELMODE {rom the
third mode to the second mode. The fourth reference voltage
VVEX may be referred to as an exiting threshold voltage of
the third mode.

For example, the fourth reference voltage VVEX may
have a level that 1s greater than that of the second reference
voltage VDEX.

For example, the fourth reference voltage VVEX may
have a level that 1s different from that of the third reference
voltage VVEN. For example, the fourth reference voltage
VVEX may have a level that 1s less than that of the third
reference voltage VVEN. The fourth reference voltage
VVEX 1s set to be different from the third reference voltage
VVEN, so that the converting mode SELMODE 1s pre-
vented or substantially prevented from repeatedly changing
near the threshold voltage.

For example, the second reference voltage VDEX may be
less than the first reference voltage VDEN, the first reference
voltage VDEN may be less than the fourth reference voltage
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VVEX, and the fourth reference voltage VVEX may be less
than the third reference voltage VVEN.

The third mode may be an asynchronous VGS mode. In
the third mode, the first switching element M1 may be
repeatedly turned on and off 1in response to the first switching
control signal CONS1, and the second switching element
M2 may maintain a turned on status in response to the
second switching control signal CONS2. In the third mode,
the 1input voltage VIN 1s applied to the control electrode of
the second switching element M2.

In the third mode, the status of the first switching element
M1 and the status of the second switching element M2 are
not synchronized with each other, so that the third mode may
be referred to as the asynchronous mode. Referring to FIG.
7A, 1n the third mode, the input voltage VIN 1s applied to the
control electrode of the second switching element M2 to turn
on the second switching element M2, and the voltage at the
first node LX1 1s a sum of the mput voltage VIN and a
gate-source voltage VGS of the second switching element
M2, so that the third mode 1s referred to as an asynchronous
VGS mode.

Referring to FIG. 7B, the first converting part 542 oper-
ates 1n the second mode (t1 to t6), and the mode of the first
converting part 542 changes to the third mode (17 to t10). For
example, during t1 to t6, the imput voltage VIN may be less
than the third reference voltage VVEN. At t7, the mput
voltage VIN may increase to be equal to or greater than the
third reference voltage VVEN.

The third mode 1s the asynchronous VGS mode, and the
output voltage VOU'T 1s the first power voltage ELVDD 1n
the third mode.

When the mput voltage VIN further increases to exceed
the forward drop voltage VI of the second diode D2, a
mimmum on duty for the first converting part 542 to operate
in the second mode 1s not retained. When the minimum on
duty for the first converting part 542 to operate 1n the second
mode 1s not retained, the mput voltage VIN may be applied
to the control electrode (e.g., a gate electrode) of the second
switching element M2. When the input voltage VIN 1s
applied to the control electrode (e.g., the gate electrode) of
the second switching element M2, the voltage at the first
node LX1 increases, and the on duty also increases. Thus,
switching regulation may be possible.

When the first switching element M1 1s turned off 1n the
third mode, the voltage at the control electrode of the second
switching element M2 1s the mput voltage VIN, and the
voltage at the first node LX1 1s the sum of the input voltage
VIN and the gate-source voltage VGS of the second switch-
ing element M2. When the sum of the mput voltage VIN and
the gate-source voltage VGS of the second switching ele-
ment M2 1s at a suitable level for the third mode, the current
flowing through the inductor L1 1s transmitted to the output
terminal.

The comparator CP includes a first input terminal for
receiving a comparing reference voltage VRAMP, a second
input terminal for receiving a feedback voltage from the
teedback circuit, and an output terminal for outputting a
comparing result by comparing the comparing reference
voltage VRAMP inputted to the first mput terminal and the
teedback voltage inputted to the second input terminal. A
sum of the comparing reference voltage VRAMP and a
sensing signal SS generated based on a current passing
through the inverter L1 may be applied to the first input
terminal.

The controller PC receives the comparing result from the
comparator CP, and receives the converting mode

SELMODE from the mode selector MS. The controller PC
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generates the first switching control signal CONS1 {for
controlling the first switching element M1 based on the
converting mode SELMODE and the comparing result from
the comparator CP. The controller PC generates the second
switching control signal CONS2 for controlling the second
switching element M2 based on the converting mode
SELMODE and the comparing result from the comparator
CP.

In the first mode, the second mode, and the third mode, the
first switching control signal CONS1 may be a pulse width
modulation signal for repeatedly turning on and off the first
switching element M1. In the first mode, a duty ratio of the
pulse width modulation signal may be DT1. In the second
mode, the duty ratio of the pulse width modulation signal
may be DT2. In the third mode, the duty ratio of the pulse
width modulation signal may be DT3.

In the first mode, the second switching control signal
CONS2 may be a pulse width modulation signal for repeat-
edly turning on and off the second switching element M2. In
the second mode, the second switching control signal
CONS2 may be a signal to maintain the turned off status of
the second switching element M2. In the third mode, the
second switching control signal CONS2 may be a signal to
maintain the turned on status of the second switching
clement M2. For example, 1n the third mode, the second
switching control signal CONS2 may be the mput voltage
VIN.

The output capacitor C2 includes a first end connected to
the output terminal for outputting the output voltage
ELVDD, and a second end connected to ground.

The feedback circuit may include a first resistor R1, a
second resistor R2, and an error amplifier EA.

The first resistor R1 includes a first end connected to the
output terminal, and a second end connected to a first input
terminal of the error amplifier EA.

The second resistor R2 includes a first end connected to
the first mput terminal of the error amplifier EA, and a
second end connected to ground.

A feedback reference voltage VREF 1s applied to a second
input terminal of the error amplifier EA. An output terminal
of the error amplifier EA 1s connected to the second input
terminal of the comparator CP.

According to an exemplary embodiment, the controller
PC determines the mode of the first converting mode 542
from among one of the synchronous mode, the asynchro-
nous diode mode, and the asynchronous VGS mode, accord-
ing to a level of the mput voltage VIN, so that the DC-DC
converter may stably generate the output voltage ELVDD,
even though the input voltage VIN 1s greater than the output
voltage ELVDD.

In addition, an entering threshold voltage and an exiting,
threshold voltage of each of the converting modes are set
differently from each other, so that the converting modes
may not be repetitively changed at or near the threshold
voltage.

FIG. 8 1s a circuit diagram 1llustrating the first converting,
part of a DC-DC converter according to an exemplary
embodiment of the present inventive concept. FIG. 9A 1s a
timing diagram 1illustrating the mput voltage, an inverter
current, and an output voltage in a pulse skip mode from
among current modes of the first converting part of FIG. 8.
FIG. 9B 1s a timing diagram 1illustrating the mnput voltage,
the mverter current, and the output voltage in a discontinu-
ous conduction mode from among the current modes of the
first converting part of FIG. 8. FIG. 9C 1s a timing diagram
illustrating the input voltage, the mverter current, and the
output voltage i a continuous conduction mode from
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among the current modes of the first converting part of FIG.
8. FIG. 10A 1s a timing diagram 1illustrating the input
voltage, the inverter current, and the output voltage when the
mode of the first converting part of FIG. 8 changes from the
second mode from among the converting modes and the
pulse skip mode from among the current modes to the first
mode from among the converting modes and the continuous
conduction mode from among the current modes. FIG. 10B
1s a timing diagram 1llustrating the mnput voltage, the inverter
current, and the output voltage when the mode of the first
converting part of FIG. 8 changes from the second mode
from among the converting modes and the discontinuous
conduction mode from among the current modes to the first
mode from among the converting modes and the continuous
conduction mode from among the current modes.

The DC-DC converter, the method of DC-DC converting,
using the DC-DC converter, and the display apparatus
including the DC-DC converter according to the present
exemplary embodiment 1s the same or substantially the same
as the DC-DC converter, the method of DC-DC converting
using the DC-DC converter, and the display apparatus
including the DC-DC converter according to the exemplary
embodiment described with reference to FIGS. 1 through
7B, except that the first converting part 342 of the DC-DC
converter 1n FIG. 8 further includes an adaptive loader
circuit ALC. Thus, the same reference numerals will be used
to refer to the same or like parts as those described in the
exemplary embodiment of FIGS. 1 through 7B, and repeti-
tive description of the same or substantially the same
clements may not be repeated.

Referring to FIGS. 1 through 10B, the display apparatus
includes a display panel 100, a timing controller 200, a scan
driver 300, a data driver 400, and a power generating unit
(e.g., a power generator) 500.

The power generating unit 500 may include a power
controller 520 and a DC-DC converter 540. The power
controller 520 may include a charging block 522.

The DC-DC converter 540 may include a first converting,
part (e.g., a first converter) 542 and a second converting part
(e.g., a second converter) 544. The first converting part 542
may generate the first power voltage ELVDD based on the
input voltage VIN. The second converting part 344 may
generate the second power voltage ELVSS based on the
input voltage VIN.

Referring to FIG. 8, the first converting part 342 includes
a first switching eclement (e.g., a first switch or a {irst
switching transistor) M1, a second switching element (e.g.,
a second switch or a second switching transistor) M2, a
mode selecting circuit MSC, and a controller PC. The first
converting part 542 may further include the inductor L1, a
first diode D1, a second diode D2, a comparator CP, an
output capacitor C2, and a feedback circuit.

In the present exemplary embodiment, the first converting,
part 542 may further include an adaptive loader circuit ALC.

When the converting mode SELMODE 1s the first mode,
the first converting part 342 may generate an output voltage
in a current mode of a continuous conduction mode (CCM).

When the converting mode 1s the second mode, the first
converting part 542 may generate the output voltage 1n a
current mode of one of a pulse skip mode (PSM) and a
discontinuous conduction mode (DCM).

Referring to FIG. 9A, the graph represents the wavelorms
in the current mode of the pulse skip mode. In the pulse skip
mode, the inverter current IL has a pulse 1n some cycles, but
does not have a pulse in other cycles.

Referring to FIG. 9B, the graph represents the wavelorms
in the current mode of the discontinuous conduction mode.
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In the discontinuous conduction mode, the inverter current
IL. has an increasing period, a decreasing period, and a
maintaining period during a cycle. In the discontinuous
conduction mode, the inverter current IL. does not continu-
ously increase and decrease 1n subsequent cycles. In the
discontinuous conduction mode, the increase and the
decrease of the inverter current IL are cut by the maintaining
pertod 1n subsequent cycles. Thus, the mode having the
above described inverter current IL 1s referred to as the
discontinuous conduction mode.

Referring to FIG. 9C, the graph represents the wavetorms
in the current mode of the continuous conduction mode. In
the continuous conduction mode, the inverter current IL, has
an increasing period and a decreasing period during a cycle.
In the continuous conduction mode, the inverter current IL
continuously increase and decrease 1n subsequent cycles.
Thus, the mode having the above described 1inverter current
IL 1s referred to as the continuous conduction mode.

According to a load of the display panel 100 connected to
the DC-DC converter 540, the current mode of the first
converting part 542 may be determined. For example, when
the load of the display panel 100 connected to the DC-DC
converter 540 1s less than a first reference load, the current
mode of the first converting part 342 may be the pulse skip
mode. For example, when the load of the display panel 100
connected to the DC-DC converter 540 1s equal to or greater
than the first reference load and less than a second reference
load, the current mode of the first converting part 542 may
be the discontinuous conduction mode. For example, when
the load of the display panel 100 connected to the DC-DC
converter 540 1s equal to or greater than the second reference
load, the current mode of the first converting part 542 may
be the continuous conduction mode.

Referring to FIG. 8, the adaptive loader circuit ALC may
be connected to the output terminal of the first converting
part 542. The adaptive loader circuit ALC may include a
mode detector MD), a third switching element (e.g., a third
switching transistor) M3, and a load resistor RL.

The third switching element M3 includes a control elec-
trode connected to the mode detector MD, a first electrode
connected to a first end of the load resistor RL, and a second
clectrode connected to ground.

The load resistor RL includes the first end connected to
the first electrode of the third switching element M3, and a
second end connected to the output terminal of the first
converting part 542.

The mode detector MD controls on and off operations of
the third switching element M3 based on the converting
mode SELMODE and the mput voltage VIN.

When the converting mode SELMODE 1is changed from
the second mode to the first mode, and the current mode 1s
the pulse skip mode, the current mode 1s sequentially
changed from the pulse skip mode to the discontinuous
conduction mode and from the discontinuous conduction
mode to the continuous conduction mode by the adaptive
loader circuit ALC.

As shown 1n FIG. 10A, when the current mode 1s changed
from the pulse skip mode PSM to the continuous conduction
mode CCM, the level of the inverter current IL changes
unstably. Accordingly, the level of the output voltage VOU'T

of the first converting part 542 may also be unstable.
When the converting mode SELMODE 1is changed from
the second mode to the first mode, and the current mode 1s
the pulse skip mode, the third switching element M3 1s
turned on, so that the load resistor RL 1s connected to the
output terminal. Thus, the current mode of the first convert-
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ing part 542 may be changed from the pulse skip mode to the
discontinuous conduction mode.

When the converting mode SELMODE 1s the first mode,
the third switching element M3 1s turned ofl.

As shown 1n FIG. 10B, when the current mode 1s sequen-
tially changed from the pulse skip mode to the discontinuous
conduction mode DCM, and from the discontinuous con-
duction mode DCM to the continuous conduction mode
CCM, the level of the inverter current IL may change stably.
Accordingly, the level of the output voltage VOUT of the
first converting part 542 may also be stable.

According to the present exemplary embodiment, the
controller PC determines the mode of the first converting
mode 542 from among one ol the synchronous mode, the
asynchronous diode mode, and the asynchronous VGS mode
according to a level of the mput voltage VIN, so that the
DC-DC converter may stably generate the output voltage
ELVDD, even though the mput voltage VIN 1s greater than
the output voltage ELVDD.

In addition, an entering threshold voltage and an exiting
threshold voltage of each of the converting modes are set
differently from each other, so that the converting modes
may not repetitively change at or near the threshold voltage.

In addition, when the converting mode SELMODE 1s
changed from the second mode to the first mode, and the
current mode 1s the pulse skip mode, the current mode may
be sequentially changed from the pulse skip mode to the
discontinuous conduction mode and from the discontinuous
conduction mode to the continuous conduction mode. Thus,
the output voltage ELVDD may be stably outputted in spite

of the change of the converting mode SELMODE.

FIG. 11 1s a flowchart illustrating a method of DC-DC
converting according to an exemplary embodiment of the
present inventive concept. FIG. 12A 1s a timing diagram
illustrating the method of DC-DC converting of FIG. 11
when the output voltage 1s about 4.6V. FIG. 12B 1s a timing,
diagram 1llustrating the method of DC-DC converting of
FIG. 11 when the output voltage 1s about 5.0V.

Referring to FIGS. 1 through 7B and 11 through 12B, the
display apparatus may include a display panel 100, a timing
controller 200, a scan driver 300, a data driver 400, and a
power generating unit (e.g., a power generator) 500.

The power generating unit 500 may include a power
ler 520 and a DC-DC converter 540. The power

control
controller 520 may include a charging block 522.

The DC-DC converter 540 may include a first converting,
part (e.g., a first converter) 542 and a second converting part
(e.g., a second converter) 544. The {irst converting part 542
may generate the first power voltage ELVDD based on the
input voltage VIN. The second converting part 544 may
generate the second power voltage ELVSS based on the
input voltage VIN.

The first converting part 542 includes a first switching
clement (e.g., a first switch or a first switching
transistor) M1, a second switching element (e.g., a second
switch or a second switching transistor) M2, a mode select-
ing circuit MSC, and a controller PC. The first converting
part 542 may further include an inductor L1, a first diode D1,
a second diode D2, a comparator CP, an output capacitor C2,
and a feedback circuit.

The mode selecting circuit MSC 1ncludes a reference
voltage generating part (e.g., a reference voltage generator)
VG and a mode selector MS. The reference voltage gener-

ating part VG receives the mput voltage VIN and generates
a plurality of reference voltages VDEN, VDEX, VVEN, and

VVEX. The reference voltages VDEN, VDEX, VVEN, and
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VVEX are used to determine a converting mode SELMODE
of the first converting part 542.

The mput voltage VIN, the first reference voltage VDEN,
the second reference voltage VDEX, the third reference
voltage VVEN, and the fourth reference voltage VVEX are
iputted to the mode selector MS. The mode selector MS
compares the mput voltage VIN to each of the first reference
voltage VDEN, the second reference voltage VDEX, the
third reference voltage VVEN, and the fourth reference
voltage VVEX, to output the convertmg mode SELMODE.

When the mput voltage VIN increases to be equal to or
greater than the first reference voltage VDEN from below
the first reference voltage VDEN (e.g., from tal to ta2 in
FIG. 12A and from tbl to tb2 in FIG. 12B), the mode
selector MS changes the converting mode SELMODE from
the first mode to the second mode. The first reference voltage
VDEN may be referred to as an entering threshold voltage
of the second mode

The first mode may be a synchronous mode. In the first
mode, the first switching element M1 may be repeatedly
turned on and ofl in response to a first switching control
signal CONSI1, and the second switching element M2 may
be repeatedly turned on and off in response to a second
switching control signal CONS2.

The second mode may be an asynchronous mode. In the
second mode, the first switching element M1 may be repeat-
edly turned on and off in response to the first switching
control signal CONS1, and the second switching element
M2 may maintain a turned ofl status in response to the
second switching control signal CONS2.

In FIGS. 11 and 12A, for example, the output voltage
ELVDD 15 4.6V. In FIGS. 11 and 12A, for example, the first

reference voltage VDEN 1s 4.5V. When the mput voltage
VIN 1s close to the output voltage, the minimum on duty 1s
not enough to generate the output voltage, so that the first

converting mode 542 may not be able to operate 1n the first
mode.

In FIG. 12B, for example, the output voltage ELVDD 1s
5.0V. In FI1G. 12B, for example, the first reference voltage
VDEN 1s 4.9V,

When the input voltage VIN increases to be equal to or
greater than the third reference voltage VVEN from below
the third reference voltage VVEN (e.g., from ta2 to ta3 in
FIG. 12A and from tb2 to th3 in FIG. 12B), the mode
selector MS changes the converting mode SELMODE from
the second mode to the third mode. The third reference
voltage VVEN may be referred to as an entering threshold
voltage of the third mode.

The third mode may be an asynchronous VGS mode. In
the third mode, the first switching element M1 may be
repeatedly turned on and off in response to the first switching
control signal CONSI1, and the second switching element
M2 may maintain a turned on status in response to the
second switching control signal CONS2. In the third mode,
the 1nput voltage VIN 1s applied to the control electrode of
the second switching element M2.

In FIGS. 11 and 12A, for example, the output voltage
ELVDD i1s 4.6V. In FIGS. 11 and 12 A, for example, the third
reference voltage VDEN 1s 3.1V, The forward drop voltage
V1 of the second diode D2 may be about 0.5V. When the
input voltage VIN 1s close to the sum of the output voltage
and the forward drop voltage V1 of the second diode D2, the
minimum on duty 1s not enough to generate the output
voltage, so that the first converting mode 542 may not be
able to operate 1n the second mode.
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In FIG. 12B, for example, the output voltage ELVDD 1s
5.0V. In FIG. 12B, for example, the third reference voltage
VDEN 1s 5.5V.

When the 1mput voltage VIN decreases to be less than the
fourth reference voltage VVEX 1from above the fourth
reference voltage VVEX (e.g., from ta3 to ta4 in FIG. 12A
and from tb3 to th4 1n FIG. 12B), the mode selector MS
changes the converting mode SELMODE from the third
mode to the second mode. The fourth reference voltage
VVEX may be referred to as an exiting threshold voltage of
the third mode.

In FIGS. 11 and 12A, for example, the output voltage
ELVDD 1s 4.6V. In FIGS. 11 and 12A, for example, the
fourth reference voltage VVEX 1s 5.0V.

In FIG. 12B, for example, the output voltage ELVDD 1s
5.0V. In FIG. 12B, for example, the fourth reference voltage
VVEX 1s 54V,

The fourth reference voltage VVEX 1s set to be diflerent
from the third reference voltage VVEN, so that the convert-
ing mode 1s prevented or substantially prevented from
repeatedly changing at or near the threshold voltage.

When the input voltage VIN decreases to be less than the
second reference voltage VDEX from above the second
reference voltage VDEX (e.g., from tad to tad in FIG. 12A
and from tb4 to th5 1n FIG. 12B), the mode selector MS
changes the converting mode SELMODE from the second
mode to the first mode. The second reference voltage VDEX
may be referred to as an exiting threshold voltage of the
second mode.

In FIGS. 11 and 12A, for example, the output voltage
ELVDD 1s 4.6V. In FIGS. 11 and 12A, for example, the
second reference voltage VDEX 15 4.4V,

In FIG. 12B, for example, the output voltage ELVDD 1s

5.0V. In FIG. 12B, for example, the second reference voltage
VDEX 1s 4.8V.

The second reference voltage VDEX 1s set to be diflerent
from the first reference voltage VDEN, so that the convert-
ing mode 1s prevented or substantially prevented from
repeatedly changing at or near the threshold voltage.

According to one or more exemplary embodiments, the
controller PC determines the mode of the first converting
part 542 from among one of the synchronous mode, the
asynchronous diode mode, and the asynchronous VGS mode
according to a level of the iput voltage VIN, so that the
DC-DC converter may stably generate the output voltage
ELVDD, even when the mnput voltage VIN i1s greater than the
output voltage ELVDD.

In addition, an entering threshold voltage and an exiting
threshold voltage of each of the converting modes are set
differently from each other, so that the converting mode may
not repetitively change at or near the threshold voltage.

The present inventive concept may be applicable to any
system 1ncluding a display apparatus. For example, the
present inventive concept may be applied to a television, a
laptop computer, a digital camera, a cellular phone, a smart
phone, a personal digital assistant (PDA), a portable multi-
media player (PMP), a MP3 player, a navigation system, a
video phone, etc.

The electronic or electric devices (e.g., the timing con-
troller, the PWM controller, the mode detector, the com-
parator, etc.) and/or any other relevant devices or compo-
nents according to embodiments of the inventive concept
described herein may be implemented utilizing any suitable
hardware, firmware (e.g. an application-specific integrated
circuit), soltware, or a combination of software, firmware,
and hardware. For example, the various components of these
devices may be formed on one integrated circuit (IC) chip or
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on separate IC chips. Further, the various components of
these devices may be mmplemented on a flexible printed
circuit {ilm, a tape carrier package (TCP), a printed circuit
board (PCB), or formed on one substrate. Further, the
various components of these devices may be a process or
thread, running on one or more processors, 1 one or more
computing devices, executing computer program instruc-
tions and interacting with other system components for
performing the various functionalities described herein. The
computer program instructions are stored 1n a memory
which may be implemented 1n a computing device using a
standard memory device, such as, for example, a random
access memory (RAM). The computer program instructions
may also be stored in other non-transitory computer readable
media such as, for example, a CD-ROM, flash drive, or the
like. Also, a person of skill 1in the art should recognize that
the functionality of various computing devices may be
combined or integrated into a single computing device, or
the functionality of a particular computing device may be
distributed across one or more other computing devices
without departing from the spirit and scope of the exemplary
embodiments of the mventive concept.

The foregoing 1s 1llustrative of aspects and features of the
present inventive concept, and 1s not to be construed as
limiting thereof. Although exemplary embodiments of the
present inventive concept have been described, those skilled
in the art should readily appreciate that various modifica-
tions are possible, without materially departing from the
spirit and scope of the present inventive concept. Accord-
ingly, all such modifications are intended to be included
within the scope of the present inventive concept as defined
in the claims, and their equivalents. In the claims, means-
plus-function clauses, 1f any, are intended to cover the
structures described herein as performing the recited func-
tion, and not only structural equivalents, but also equivalent
structures. Therefore, 1t 1s to be understood that the forego-
ing 1s 1llustrative of the present inventive concept, and 1s not
to be construed as limited to the specific exemplary embodi-
ments disclosed, and that modifications to the disclosed
exemplary embodiments, as well as other exemplary
embodiments, are intended to be included within the spirit
and scope of the appended claims, and their equivalents. The
present inventive concept 1s defined by the following claims,
with equivalents of the claims to be included therein.

What 1s claimed 1s:

1. A DC-DC converter comprising:

a first switch;

a second switch connected to the first switch;

an input terminal for receiving an 1nput voltage;

an output terminal for outputting an output voltage;

an inductor:

a mode selecting circuit configured to select a converting,

mode from one of at least a first converting mode and
a second converting mode based on the mput voltage;
and

a controller configured to generate a first switching con-

trol signal for controlling the first switch based on the
selected converting mode, and a second switching
control signal for controlling the second switch based
on the selected converting mode,

wherein the mode selecting circuit 1s configured to select

the converting mode from one of at least the first
converting mode, the second converting mode, and a
third converting mode,

wherein, 1n the third converting mode, the first switch 1s

configured to be repeatedly turned on and off 1n
response to the first switching control signal, and the
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second switch 1s configured to maintain a turned on
state 1n response to the second switching control signal,

wherein 1n the third converting mode, the second switch-
ing control signal 1s the mput voltage,

wherein the second switch 1s coupled between one end of 5

the first switch and the output terminal, and

wherein the inductor 1s coupled between the mput termai-

nal and the first and second switches.

2. The DC-DC converter of claam 1, wherein the mode
selecting circuit 1s configured to change the converting mode
from the first converting mode to the second converting
mode when the mput voltage increases from below a first
reference voltage to be equal to or greater than the first
reference voltage.

3. The DC-DC converter of claam 2, wherein the mode
selecting circuit 1s configured to change the converting mode
from the second converting mode to the first converting
mode when the input voltage decreases from above a second
reference voltage to be less than the second reference
voltage, and

wherein the second reference voltage has a level different

from that of the first reference voltage.

4. The DC-DC converter of claam 3, wherein the mode
selecting circuit 1s configured to change the converting mode
from the second converting mode to the third converting
mode when the input voltage increases from below a third
reference voltage to be equal to or greater than the third
reference voltage, and

wherein the third reference voltage has a level that 1s

greater than that of the first reference voltage.

5. The DC-DC converter of claim 4, wherein the mode
selecting circuit 1s configured to change the converting mode
from the third converting mode to the second converting
mode when the input voltage decreases from above a fourth
reference voltage to be less than the fourth reference voltage,
and

wherein the fourth reference voltage has a level that 1s

greater than that of the second reference voltage, and 1s
different from that of the third reference voltage.

6. The DC-DC converter of claim 1, wherein the DC-DC
converter 1s configured to output the output voltage 1n a
current mode of a continuous conduction mode when the
selected converting mode 1s the first converting mode, and

10

15

20

25

30

35

40

22

wherein the DC-DC converter 1s configured to output the
output voltage in the current mode of one of a pulse
skip mode, a discontinuous conduction mode, and the
continuous conduction mode, when the selected con-
verting mode 1s the second converting mode.

7. The DC-DC converter of claim 6, further comprising an
adaptive loader circuit,

wherein the adaptive loader circuit 1s configured to

sequentially change the current mode from the pulse
skip mode to the discontinuous conduction mode, and
to then change the current mode from the discontinuous
conduction mode to the continuous conduction mode,
when the converting mode 1s changed from an asyn-
chronous mode as the second converting mode to a
synchronous mode as the first converting mode, and
when the current mode 1s the pulse skip mode.

8. The DC-DC converter of claim 7, wherein the adaptive
loader circuit comprises a third switch, a load resistor
connected to the third switch, and a mode detector config-
ured to control switching of the third switch,

wherein the third switch 1s configured to be turned on so

that the current mode 1s sequentially changed from the
pulse skip mode to the discontinuous conduction mode
when the converting mode 1s changed from the asyn-
chronous mode to the synchronous mode, and when the
current mode 1s the pulse skip mode, and

wherein the third switch 1s configured to be turned off

when the converting mode 1s the synchronous mode.

9. The DC-DC converter of claim 1, wherein, in the first
converting mode, the first switch 1s configured to be repeat-
edly turned on and off in response to the first switching
control signal, and the second switch 1s configured to be

repeatedly turned on and off 1 response to the second
switching control signal.

10. The DC-DC converter of claim 1, wherein, 1n the
second converting mode, the first switch 1s configured to be
repeatedly turned on and off in response to the first switching
control signal, and the second switch 1s configured to
maintain a turned ofl state in response to the second switch-
ing control signal.
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